Abstract
The U.S. Geological Survey, in cooperation with the U.S. Department of the Army Environmental and Natural Resources Management Office of the U.S. Army Signal Center and Fort Gordon, assessed soil gas, surface water, and soil for contaminants at the Installation Railhead (IR) at Fort Gordon, Georgia, from October 2008 to September 2009. The assessment included delineation of organic contaminants present in soil-gas samples beneath the IR, and in a surface-water sample collected from an unnamed tributary to Marcum Branch in the western part of the IR. Inorganic contaminants were determined in a surface-water sample and in soil samples. This assessment was conducted to provide environmental contamination data to Fort Gordon personnel pursuant to requirements of the Resource Conservation and Recovery Act Part B Hazardous Waste Permit process.
Soil-gas samples collected within a localized area on the western part of the IR contained total petroleum hydrocarbons; benzene, toluene, ethylbenzene, and total xylenes (referred to as BTEX); and naphthalene above the method detection level. These soil-gas samples were collected where buildings had previously stood. Soil-gas samples collected within a localized area contained perchloroethylene (PCE). These samples were collected where buildings 2410 and 2405 had been. Chloroform and toluene were detected in a surfacewater sample collected from an unnamed tributary to Marcum Branch but at concentrations below the National Primary Drinking Water Standard maximum contaminant level (MCL)
Introduction
Fort Gordon is a U.S. Department of the Army (Army) facility located in east-central Georgia, approximately 10 miles southwest of Augusta, Georgia ( fig. 1) . A cantonment (military housing) area is located at the northwestern boundary of Fort Gordon. Part of the cantonment area consists of a currently unused railhead and various buildings; this approximately 20-acre area is called the Installation Railhead (IR). The IR was used to mobilize military personnel and supplies, and to support installation activities from the 1940s through the 1970s. Since the 1970s, previously existing buildings have been razed, and new buildings have been constructed to accommodate changes in the Army's operations.
The effects of past activities at the IR on environmental resources are currently unknown. This assessment was conducted to provide environmental contamination data to Fort Gordon personnel to comply with the requirements of the Resource Conservation and Recovery Act (RCRA) Part B Hazardous Waste Permit process. An initial investigation to assess potential environmental effects is warranted because the IR is located in the outcrop area of the Dublin and Midville aquifer systems used for drinking water by the towns of Augusta and Hephzibah (Willams, 2007) . Moreover, recharge and runoff at the IR may supply ephemeral streams with water that could flow from Fort Gordon.
Purpose and Scope
This initial assessment was conducted to provide environmental contamination data to personnel at Fort Gordon. The initial assessment was composed of a passive soil-gas sample survey and the collection of soil and water samples. The report gives the results of analyses of these samples and delineates areas of contamination in the study area.
Description of Study Area
Fort Gordon (the Fort) is an Army facility located in east-central Georgia, approximately 10 miles southwest of Augusta, Georgia ( fig. 1 ). The Fort lies in the northern part of the Coastal Plain Physiographic Province and south of the Fall Line. Surficial soil and sediments are characterized by unconsolidated sands, indurated sands and semiconsolidated sandstones, and layers of clay that include kaolinite (Gregory and others, 2001 ).
Methods Passive Soil-Gas Survey
The passive soil-gas survey used the GORE™ Module (module), a commercially available media based on GORE-TEX ® membrane technology (U.S. Environmental Protection Agency, 1998; W.L. Gore and Associates, Inc., 2004; 2 Assessment of Soil-Gas, Surface-Water, and Soil Contamination at the Installation Railhead, Fort Gordon, Georgia fig. 2A) . The adsorbent material can adsorb a wide variety of volatile organic compounds (VOCs), including solvents such as perchloroethylene (PCE; also known as tetrachloroethylene); trichloroethylene (TCE); benzene, toluene, ethylbenzene, and xylenes (collectively referred to as BTEX); methyl tert-butyl ether (MTBE); semivolatile organic compounds (SVOCs); total petroleum hydrocarbons (TPH); and polycyclic aromatic hydrocarbons (PAHs) such as naphthalene. The modules are tied to a string, attached to a cork plug to prevent the entrance of surface water and ambient surface sources of contamination, and inserted into a shallow borehole. The modules then are removed from the field after 10 to 14 days, placed in 20-milliliter gas-tight vials ( fig. 2B) , and sent to the commercial laboratory (W.L. Gore and Associates, Inc.) for analysis by gas chromatography/mass spectroscopy using a modification of U.S. Environmental Protection Agency (USEPA) method 8260/8270 to include thermal desorption of the sample. The laboratory is in compliance with Good Laboratory Practices and ISO Guide 25 (International Organization for Standardization, 1990) . The soil-gas contaminant results are expressed as mass of contaminant (micrograms) and provide screening-level data.
Passive soil-gas results can indicate the presence of particular contaminants. The results do not, however, reveal if the detection was derived from free product, from residualphase adsorbed material or vapors in the unsaturated zone, or from the dissolved-phase in shallow and deep groundwater (unless the module is placed in water). In general, higher soil-gas mass in a sample tends to be related to the presence of residual contamination or free product that is close to the land surface where the soil-gas sampler is located. If such source material is located at greater depths, however, the soil-gas contaminant mass will generally be lower. A lower value near known sources may be due to various attenuation processes that affect the soil-gas mass prior to detection. In both cases, however, the modules help to rapidly indicate the presence or absence of contaminants. The passive soil-gas approach was approved for use at the IR site by the Hazardous Waste Management Branch, Georgia Environmental Protection Department (William Powell, P.E., Environmental Engineer, Department of Defense Remediation Unit, oral commun., December 10, 2008) .
A passive soil-gas survey was conducted at the IR site during April-June 2009. Thirty-five soil-gas samplers (modules) were deployed ( fig. 3) . The soil-gas samplers were placed in a grid pattern to cover the generalized extent of the western part of the IR; care was taken to not place samplers too near the northeastern corner of the IR where a fire had Figure 2 . GORE TM module (A) prior to being installed in a shallow borehole, and (B) following retrieval from a borehole and prior to shipping to laboratory for analysis. Assessment of Soil-Gas, Surface-Water, and Soil Contamination at the Installation Railhead, Fort Gordon, Georgia recently destroyed an empty warehouse. Two additional soilgas samplers were used as trip-blank samplers and were not deployed. Each sampler was placed in a borehole that was 2.5 centimeter (cm) in diameter, 75 cm long, and created by a stainless steel ship-auger attached to a cordless drill. This depth is similar to that recommended by the USEPA for soilgas investigations (U.S. Environmental Protection Agency, 1998). The auger was cleaned with a paper towel between boreholes. The 35 modules were installed on April 23, 2009, and May 5, 2009. Thirty-three samplers (two samplers could not be found) were removed on June 1, 2009, placed in 20-milliliter gas-tight vials, and sent to the W.L. Gore and Associates, Inc., laboratory for analysis.
Surface-Water Sample
A water-quality sample was collected on July 27, 2009, in duplicate, from an unnamed tributary to Marcum Branch located to the west of and downgradient from the IR. The surface-water sample essentially represented the discharge of locally recharged groundwater or runoff that may have been in contact with the material beneath or at land surface of the IR, respectively. The water sample was analyzed for 85 VOCs, 18 SVOCs such as PAHs, and 22 metals, including seven of the eight RCRA metals.
Soil Samples
Composite soil samples were collected on July 27, 2009, after soil-gas results were received, from land surface to a depth of 6 inches (in.) at three locations. These soil samples were analyzed for 37 metals, including 6 of the 8 RCRA metals (selenium and mercury were excluded).
Results

Passive Soil-Gas Survey
All soil-gas samplers (modules) collected had TPH concentrations greater than the method detection level of 0.02 microgram (µg) ( fig. 4 ; table 1). The highest soil-gas TPH mass was 21.34 µg and was located in the northwestern corner of the IR where a large building had previously stood. Soilgas TPH mass from 11 to 20 µg and between 5 and 10 µg also were detected in two samplers south of this area. A smaller area of TPH soil-gas mass between 5 and 10 µg is located in the eastern side of the IR, along 10 th Avenue. Because all soilgas module locations contained soil-gas TPH mass at levels greater than the method detection level of 0.02 µg, additional samples would be required to fully delineate the contaminant boundary with respect to TPH. The detections in the samples were higher than the reported detections of TPH in the two trip blanks of 0.03 and 0.04 µg, respectively. Some soil-gas samples had BTEX mass greater than the method detection level of 0.01 µg ( fig. 5 ; table 1). BTEX mass in soil gas between 0.01 and 0.1 µg were detected across the middle of the IR, between 9 th and 10 th Avenues. The highest soil-gas BTEX mass (greater than 1 µg) was detected in the western part of the IR, near the intersection of 11 th Street with 10 th Avenue. This location of high BTEX soil-gas mass coincides with a location of high soil-gas TPH mass ( fig. 4) . Moreover, the soil-gas mass of naphthalene at this location was greater than 1 µg ( fig. 6 ). These areas of elevated soil-gas mass coincide with the footprint of a building that had been in the northwestern corner of the IR, Non detect
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Assessment of Soil-Gas, Surface-Water, and Soil Contamination at the Installation Railhead, Fort Gordon, Georgia and with former buildings 2301, 2303, 2401, and 2403. The BTEX detections also were higher than the reported detection of BTEX (0.01 µg) in one of the two trip blanks. Most of the soil-gas modules installed had no PCE mass above the method detection level of 0.01 µg (fig. 7) ; however, soil-gas PCE greater than 0.5 µg was detected in samples collected from near the intersections of 11 th Street with 9 th and 10 th Avenues (fig. 7) . These elevated PCE soil-gas masses are located in an area where buildings 2410 and 2405 had been located.
For all soil-gas results, the presence of a contaminant above the method detection level at a particular soil-gas sample location suggests an environmental effect. Moreover, because all soil-gas samplers were installed to the same depth, a higher result in microgram for a particular contaminant in soil gas suggests closer proximity to a contaminant source.
Surface-Water Sample
A water sample was collected (in duplicate) from the unnamed tributary to Marcum Branch west of the IR ( fig. 8 ) and was analyzed for 85 VOCs, 18 SVOCs including PAHs, and 22 metals (tables 2-4). For VOCs, only toluene and chloroform were detected; both detections were at levels below the National Primary Drinking Water Standard (NPDWS) maximum contaminant level (MCL). The variability between results for VOCs and SVOCs for the duplicate samples was less than 1 percent (data not listed in groundwater discharge rather than runoff because the sample was collected during a dry period. The surface-water sample also was analyzed for inorganic compounds, including 7 of the 8 RCRA metals (mercury was excluded). The water sample contained a concentration of iron that was 686 µg/L and exceeded the NSDWS MCL of 300 µg/L (table 4). The variability between results for inorganic compounds for the duplicate sample was less than 4 percent (data not listed in table 4).
Soil Samples
Composite soil samples were collected from land surface to 6 in. below land surface at three locations characterized by elevated soil-gas contaminants ( fig. 8) . The samples were analyzed for 37 metals, including 6 of the RCRA metals (selenium and mercury were excluded). Soil-sample metal concentrations were compared to the USEPA Regional Screening Levels (RSLs) for Industrial Soils (U.S. Environmental Protection Agency, 2009) to determine the extent of contamination (tables 5-7). Soil-sample metal concentrations also were compared to values for ambient, uncontaminated (background) levels for soils across the 
Summary
The U.S. Geological Survey, in cooperation with the Environmental and Natural Resources Management Office of the U.S. Army Signal Center and Fort Gordon, Georgia, assessed soil gas, surface water, and soil for contaminants at the Installation Railhead (IR) on Fort Gordon, Georgia, from October 2008 to September 2009. Soil-gas samples collected within a localized area on the western part of the IR had elevated masses above the method detection level for total petroleum hydrocarbons; benzene, toluene, ethylbenzene, and total xylenes (BTEX); and naphthalene. These soil-gas samples were collected where buildings had previously stood, such as buildings 2301, 2303, 2401, and 2403. Because all soil-gas module locations contained soil-gas TPH mass at levels greater than the method detection level of 0.02 microgram, additional samples would be required to fully delineate the contaminant boundary with respect to TPH. Soil-gas samples collected within a localized area had elevated masses of perchloroethylene (PCE). These samples were collected where buildings 2410 and 2405 had been. Duplicate surface-water samples were collected from an unnamed tributary to Marcum Branch and contained concentrations of toluene and acetone below the National Primary Drinking Water Standard maximum contaminant level (MCL) for each compound. Iron was detected in the surface-water sample at 686 micrograms per liter and exceeded the National Secondary Drinking Water Standard. Metal concentrations in soil samples did not exceed the U.S. Environmental Protection Agency Regional Screening Level for industrial soil. Table 2 15 Table 5 19 Table 5 . Inorganic constituents detected in soil, land surface to 6 inches, Site 1, July 27, 2009. Table 7 21 Table 7 . Inorganic constituents detected in soil, land surface to 6 inches, Site 3, July 27, 2009.
